Objective: To evaluate the effectiveness of chemoreduction alone and chemoreduction with thermotherapy for macular retinoblastoma.
group B. Tumors in group A occupied a mean of 71% of the macula, and those in group B occupied 74% of the macula. Following treatment, Kaplan-Meier estimates revealed that group A tumors showed recurrence in 25% by 1 year and 35% by 4 years whereas those in group B showed recurrence in 17% by 1 year and 17% by 4 years. All recurrences were treated with additional focal thermotherapy, cryotherapy, or plaque radiotherapy except for 1 that required external beam radiotherapy and 1 that required enucleation, both in group A. Univariate analysis revealed that predictors of tumor recurrence were intraretinal growth pattern (vs endophytic); small tumor basal dimension (less than 3 mm and occupying a smaller percentage of the macula); absence of subretinal fluid, subretinal seeds, and vitreous seeds; and chemoreduction response with less tumor calcification and tumor regression of type 0 (complete disappearance without a scar). By multivariate analysis, the most important factors predictive of tumor recurrence were smaller macular tumor size (judged by percentage of the macula occupied by the tumor), absence of subretinal or vitreous seeds, and unilateral disease.
Conclusions: Treatment of macular retinoblastoma with chemoreduction plus adjuvant foveal-sparing thermotherapy provides tumor control of 83% by 4 years, and this is slightly more favorable than chemoreduction alone, which provides control of 65% by 4 years. Tumors most destined for recurrence are small tumors.
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C HEMOREDUCTION COMbined with thermotherapy or cryotherapy is an important therapeutic option in the management of retinoblastoma. [1] [2] [3] [4] This combination therapy has permitted globe salvage in 85% of less advanced tumors, that is those classified as Reese-Ellsworth groups I to IV, and in 47% of eyes classified as group V. 5 Most prior reports on chemoreduction for retinoblastoma have focused on salvage of the eye from enucleation and external beam radiotherapy using various chemotherapy regimens and focal consolidation based on the Reese-Ellsworth stage of the globe. [6] [7] [8] [9] [10] Other authors have investigated the benefits and risks of chemotherapy alone without focal consolidation. [11] [12] [13] Subsequent investigators focused on specific control by chemoreduction for eyes with subretinal seeds or vitreous seeds. 14 In this article, we analyze a particularly important subset of retinoblas-tomas, those located entirely or partly in the macular region. These tumors and their therapy can impart lifelong visual consequences to the patient. [15] [16] [17] [18] [19] [20] [21] In this analysis, we evaluate macular retinoblastoma control with chemoreduction alone and chemoreduction combined with foveal-sparing thermotherapy.
From our point of view, the technique of chemoreduction and focal consolidation differs whether or not a tumor is in the macula. For tumors outside the macula, focal consolidation with thermotherapy or cryotherapy is provided to each regressed tumor following initial chemoreduction. 22, 23 For retinoblastoma located partly or entirely in the macula, there is debate regarding the proper management strategy. Some clinicians believe that consolidation with thermotherapy should be provided to the entire tumor or at least to the extrafoveal portion (fovealsparing thermotherapy) for best tumor control. Other clinicians believe that chemoreduction alone without thermotherapy is most reasonable, to avoid foveal damage and permanent visual loss from thermotherapy. However, there is worry that the latter approach might be associated with greater tumor recurrence. In this article, we assess our results with both chemoreduction strategies for macular retinoblastoma.
METHODS
We identified all patients with macular retinoblastoma who were treated initially with chemoreduction (institutional review board No. 582 at the Children's Hospital of Philadelphia) on the Ocular Oncology Service, Wills Eye Hospital, Thomas Jefferson University (Philadelphia, Pa), in conjunction with the Division of Oncology at the Children's Hospital of Philadelphia. The macula was defined as a circular region in the posterior portion of the ocular fundus, measuring 3 mm in radius, centered on the foveola. All tumors involving the macula were included in this analysis. The eligibility criteria for treatment with chemoreduction were children with retinoblastoma in whom either eye would ordinarily require enucleation or external beam radiotherapy for cure of the disease based on published indications. 1, 3, 9 Patients whose tumors could be properly controlled with conservative methods alone (cryotherapy, laser photocoagulation, thermotherapy, plaque radiotherapy) were not eligible for inclusion in the chemoreduction protocol. Exclusion criteria for treatment with chemoreduction included biomicroscopic evidence of iris neovascularization; neovascular glaucoma; and tumor invasion into the anterior chamber, iris, optic nerve, choroid, or extraocular tissues as documented by clinical, ultrasonographic, and neuroimaging modalities. Exclusion criteria from a systemic standpoint were those patients with evidence of systemic metastasis; prior chemotherapy; or inadequate organ function of the kidney, liver, or ear. Patients who had received prior treatment for retinoblastoma were not included in this analysis. The chemotherapeutic agents included intravenous vincristine (0.05 mg/kg), etoposide (5 mg/kg), and carboplatin (18.6 mg/kg) given on day 0 and etoposide (5 mg/kg) given again on day 1. The duration of treatment was planned for 6-month cycles. The potential risks and benefits of the chemoreduction protocol were discussed with the patient's family, and informed consent was obtained.
Ocular oncologic follow-up was provided at examination under anesthesia every 1 to 2 months after initiation of chemoreduction until complete control of the disease was achieved.
Thereafter, examinations were provided every 2 to 4 months as needed. At each examination, the status of the individual retinal tumors, vitreous seeds, subretinal seeds, and subretinal fluid was noted and photographic documentation was performed. At cycle 1, all initial data were recorded, chemoreduction was instituted, and no patient received adjuvant therapy to macular retinoblastoma. At cycles 2 through 6, some patients were managed with chemoreduction alone and no adjuvant treatment (group A), but others received adjuvant treatment to the regressed retinoblastoma using thermotherapy (group B). The patients were not randomized to treatment. The patients selected for no adjuvant treatment generally had severe visual deficit in the opposite eye, such as macular retinoblastoma or enucleation. The patients selected for adjuvant treatment generally had a normal macula in the opposite eye with potential for good visual acuity in that eye. The adjuvant thermotherapy was provided using the indirect ophthalmoscopic diode system using 1.2-mm spot size and varied duration and power so that a light gray-white appearance of the tumor could be achieved at the end of the session. In all cases, foveal-sparing thermotherapy was directed to avoid the 1.5-mm area of the fovea and papillomacular bundle from the optic disc to the foveola.
All data were collected in a prospective fashion. We evaluated each patient for age at diagnosis, race, sex, and hereditary pattern (sporadic, familial). The eye was assessed for laterality of involvement (unilateral, bilateral), total number of retinal tumors per eye, and Reese-Ellsworth classification. Each macular tumor was assessed for size in basal dimension (mm) and thickness (mm), proximity to foveola (mm), proximity to optic disc margin (mm), extent of macula involved with tumor (%), extent of optic disc overhung by tumor (%), prominent dilated feeder vessels (present, absent), presence of associated seeds (vitreous seeds, subretinal seeds, both, none), and associated subretinal fluid (present, absent). We collected the thermotherapy parameters, including the number of treatment sessions, mean power (milliwatts), and total duration (minutes), for each macular tumor. Each eye was then assessed for macular tumor recurrence and its location and treatment. We calculated the interval from the initiation of chemoreduction to the macular tumor recurrence. The ocular follow-up was continued until the date the patient was last examined or until the date the eye was enucleated.
STATISTICAL ANALYSIS
We made a comparison of patients in group A vs those in group B to analyze differences in patient, eye, or tumor features between the 2 groups using the t test and Fisher test. We then analyzed the clinical data with regard to the single outcome of macular retinoblastoma recurrence. The effect of each individual clinical variable recorded at the time the patient came to the Ocular Oncology Service and at the end of chemoreduction on the outcome of recurrence was analyzed by a series of univariate Cox proportional hazards regressions. 24 We determined the correlation among the variables by using Pearson correlations. All variables were analyzed as discrete variables (continuous variables were analyzed by grouping them into discrete categories). We first entered variables that were significant on a univariate level (PՅ.05) into the multivariate Cox regression analysis. For variables that showed a high degree of correlation, we entered only 1 variable at a time from the set of associated variables into subsequent multivariate models. A final multivariate model tested variables that were identified as significant predictors (PՅ.05, Wald statistic or 95% confidence interval of the relative risk) from the initial stepwise model as well as variables deemed clinically important for the outcome of macular retinoblastoma recurrence. For validation of the final multivariable model, each predictor was analyzed 1 at a time along with the variables retained from the initial stepwise model and those deemed clinically significant. In the final model, a predictor was considered a significant risk factor if the 95% confidence interval of its relative risk did not contain a risk value of 1. The analyses accounted for the occurrence of multiple tumors for some patients by using a Cox proportional hazards model adjusting for the repeated measures via the method from Lin and Wei. 25 We determined the time to retinoblastoma recurrence using the Kaplan-Meier life table analysis.
RESULTS
There were 68 macular retinoblastomas in 62 eyes of 49 patients managed with 6 cycles of this chemoreduction protocol between January 1995 and January 2003. Group A (chemoreduction alone) consisted of 28 tumors in 25 eyes of 19 patients, and group B (chemoreduction plus foveal-sparing thermotherapy) consisted of 40 tumors in 37 eyes of 30 patients. The demographic features are listed in Table 1 . The mean age at treatment was 8 months for both groups, and the hereditary pattern was sporadic in 16 (84%) of 19 group A patients and 25 (83%) of 30 group B patients. The Reese-Ellsworth classification of each eye is listed in Table 2 . A description of the clinical features of the macular retinoblastomas is listed in Table 3 . There were no statistical differences (t test and Fisher test) between the 2 treatment groups in any of the following features: patient age, race, and sex; tumor laterality; Reese-Ellsworth classification; tumor type (endophytic, exophytic, intraretinal); tumor size (basal dimension and thickness) and location; proximity to the foveola or optic disc; percentage of the macula occupied by tumor; percentage of the optic nerve overhung by tumor; and related subretinal fluid, subretinal seeds, or vitreous seeds.
The thermotherapy parameters employed for tumors in group B included mean power of 518 mW (median, 528 mW; range, 180-765 mW). The mean duration of treatment was 6 minutes per tumor per session (median, 6 minutes; range, 2-11 minutes per tumor per session). The mean number of sessions per tumor was 3 (median, 3; range, 1-6 sessions per tumor). A summary of treatment results for groups A and B is provided in Table 4 . Of the 3 tumors that regressed to a type 0 pattern, the mean basal tumor dimension before chemoreduction was 2.0 mm whereas the mean basal dimension of the remainder was 12.6 mm. Of the 11 tumors with 10% or less calcification following chemoreduction, the mean basal dimension was 3.7 mm before chemoreduction whereas those with less than 10% calcification following chemoreduction were 13.8 mm in mean basal dimension before chemoreduction. Table 5 lists the Kaplan-Meier analysis of time to recurrence of macular retinoblastoma and associated seeds for both groups. By the 4-year follow-up, there was 35% tumor recurrence in group A (Figure 1 and Figure 2 ) and 17% recurrence in group B (Figure 3 and Figure 4) . The difference in recurrence rates between the 2 groups was not statistically significant (log rank P=.13). By the 4-year follow-up, 45% of macular tumors showed related subretinal or vitreous seed recurrence in group A and 46% seed recurrence in group B (log rank P =.49). Univariate and multivariate risk factors for tumor recurrence are listed in Table 6 . Overall, for both groups, the factors predictive of macular tumor recurrence by multivariate analy- 8) sis were smaller tumor size (judged by the percentage of macula occupied by tumor), absence of associated subretinal or vitreous seeds, and unilateral disease. No patients developed ototoxicity, renal toxicity, or second cancers from the chemoreduction regimen.
COMMENT
The treatment of macular retinoblastoma is particularly challenging because of balancing tumor control with the potential for tumor-related and treatment-related visual loss. Options for management of macular retinoblastoma include enucleation, external beam radiotherapy, plaque radiotherapy, laser photocoagulation, thermotherapy, cryotherapy, and chemoreduction with or without adjuvant thermotherapy. [1] [2] [3] [4] Most eyes with large macular retinoblastoma, especially if associated with extensive subretinal fluid, subretinal seeds, or vitreous seeds, are managed with enucleation. Those eyes with less advanced retinoblastoma are currently managed with nonenucleation measures, most commonly involving chemoreduction, sometimes followed by focal tumor consolidation. The current chemoreduction regimen appears to lack clinically apparent damage to the surrounding normal retina and, in fact, leaves a regressed retinoblastoma remnant that is approximately 35% smaller in basal dimension than the original tumor, with the potential of improvement in visual acuity. 9 Other options for macular retinoblastoma treatment include plaque radiotherapy, laser photocoagulation, and cryotherapy. Plaque radiotherapy is reserved for solitary or recurrent macular tumor. 26 Plaque radiotherapy has the benefit of avoiding systemic toxicities, but this technique, when used for retinoblastoma of any fundus location, leads to radiation maculopathy in 25% of patients by 5-year followup. 26 Laser photocoagulation and cryotherapy are used less frequently for macular tumors as both can impart direct damage to the adjacent normal retina with profound treatment-related visual loss.
Chemoreduction appears to be a favorable treatment for macular retinoblastoma from a visual standpoint. However, the question that remains is whether or not adjuvant tumor consolidation following chemoreduction is necessary for tumor control, especially when balancing the known potential for thermotherapy-related visual loss with the concern for tumor recurrence.
A few reports have addressed tumor control following specific chemoreduction regimens for retinoblastoma. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 23, 27 Wilson and associates 11 used chemotherapy alone (vincristine and carboplatin) without tumor consolidation for 36 eyes with retinoblastoma for 8 cycles over 6 months. They found complete tumor control in only 8% of eyes, whereas 92% showed failure with progression of retinal tumor, subretinal seeds, or vitreous seeds. Our group later evaluated the specific control of retinal tumor, subretinal seeds, and vitreous seeds per treated eye. 14 We treated 158 eyes with retinoblastoma using vincristine, etoposide, and carboplatin for 6 cycles over 6 months. All retinoblastomas, subretinal seeds, and vitreous seeds showed initial regression. Tumor consolidation following chemoreduction was provided for each retinal tumor, but the vitreous and subretinal seeds were treated with chemoreduction alone without consolidation. Approximately 50% of the eyes with vitreous seeds at presentation showed at least 1 vitreous seed recurrence at 5 years, and 62% of the eyes with subretinal seeds at presentation showed at least 1 subretinal seed recurrence at 5 years. Of the 158 eyes, recurrence of at least 1 retinal tumor was found in 51% eyes by 5 years. A more recent analysis of 457 consecutive retinoblastomas by our group has focused on individual tumor control with chemoreduction with or without focal tumor consolidation. 27 Those tumors treated with chemoreduction alone showed recurrence in 45% by 7-year follow-up whereas those treated with chemoreduction plus thermotherapy, cryotherapy, or both showed recurrence in 22% by 7 years.
Gombos and coworkers 12 assessed primary chemotherapy alone for retinoblastoma. They evaluated 78 retinoblastomas treated with chemotherapy alone (vincristine, etoposide, and carboplatin) for 6 to 8 cycles and found complete tumor response in 72% and failure in 28%. No tumor received focal consolidation. Tumors at greatest risk for failure were small tumors under 2 mm in diameter and extramacular tumors. Macular retinoblastoma showed complete control with primary chemotherapy alone in 26 (84%) of 31 tumors over a mean follow-up of 29 months. They did not evaluate control for vitreous and subretinal seeds. There was no KaplanMeier analysis of time to recurrence.
In this analysis, we focused only on macular retinoblastoma to determine the benefit of adjuvant focal consolidation with thermotherapy. We found that 35% of 28 macular tumors treated with chemoreduction alone (group A) showed recurrence by 4 years compared with 17% of 40 macular tumors treated with chemoreduction plus extrafoveal thermotherapy (group B). Importantly, all of the recurrences in group A were noted within the first 3 years and those in group B within the first 1 year. Of the 15 macular retinoblastomas that showed recurrence (groups A and B), the location of recurrence was the tumor periphery in 5 (33%), the tumor center in 3 (20%), and diffuse in 7 (47%). Of the 6 recurrences in group B, the recurrence occurred in the treated extrafoveal portion in 4 (67%), in the untreated foveal or papillomacular portion in 1 (17%), and diffusely in 1 (17%) ( Table 4) .
Many factors in the univariate and multivariate analyses suggested that small retinoblastomas were most likely to show tumor recurrence. These factors included smaller tumor size (based on tumor basal dimension of Ͻ2-3 mm and also based on the percentage of macula occupied by tumor); lack of associated subretinal fluid, subretinal seeds, or vitreous seeds; less calcification following chemoreduction; and type 0 regression pattern (complete disappearance of tumor without scar) following chemoreduction (Table 6 ). In general, tumors that regress to type 0 pattern are typically small retinoblastomas, and in this series, the mean basal tumor dimension before chemoreduction of 3 such cases was 2 mm as compared with 12.6 mm for the remainder. Likewise, tumors with minimal calcification following chemoreduction tend to be small tumors, and in this series, the 11 tumors with 10% or less calcification following chemoreduction were 3.7 mm in mean basal dimension before chemoreduction, but those with less than 10% calcification were 13.8 mm in mean basal dimension before chemoreduction. These factors corroborate the results of Gombos and associates, 12 who found that small retinoblastomas (Ͻ2 mm) were at greater risk for recurrence than larger retinoblastomas. It is possible that smaller tumors may be less responsive This analysis was directed toward individual tumor recurrence and not salvage of the eye. The lack of subretinal fluid, subretinal seeds, or vitreous seeds was a risk for tumor recurrence. We speculated earlier that this might be related to smaller, less responsive tumors. In contrast, in other analyses from our group, the presence of subretinal fluid, subretinal seeds, or vitreous seeds were factors related to the ultimate failure of chemoreduction and loss of the eye due primarily to recurrence of seeds. 5, 14 From these results, it appears that chemoreduction plus foveal-sparing thermotherapy provides better tumor control than chemoreduction alone, but it should be understood that this was not a comparative trial. The selection of therapy for macular retinoblastoma depends on many factors, such as the age of the patient; anticipation of new tumor development; size and extent of the tumor; associated features such as subretinal fluid, subretinal seeds, and vitreous seeds; status of the opposite eye; and, quite importantly, long-term visual needs. For example, a patient with a macular tumor in only 1 eye might be considered for chemoreduction plus fovealsparing thermotherapy to ensure best tumor control, but with the understanding that the long-term central vision might be compromised. On the other hand, a patient with a macular tumor in both eyes or a macular tumor in 1 eye and prior enucleation of the opposite eye might be treated with chemoreduction alone and cautious follow-up for recurrence in an effort to spare vision in the only remaining eye.
There are limitations in this analysis that should be realized. First, the patients, eyes, and tumors were not randomized to treatment, and there may have been inherent bias regarding the favored treatment strategy. As mentioned previously, patients with a normal opposite macula were more likely treated with thermotherapy consolidation whereas those without normal opposite macula were more likely treated with chemoreduction alone. Second, the extent of the tumor treated with extrafoveal thermotherapy varied and depended on the amount of tumor situated directly under the foveola and in the papillomacular bundle. For example, temporal macular retinoblastoma received more complete thermotherapy whereas nasal macular retinoblastoma received less complete thermotherapy to avoid treating the papillomacular bundle. Third, although we attempted to have a uniform gray-white end point of thermotherapy, the end points varied slightly depending on the size of tumor, degree of pigmentation in the uvea, and amount of tumor calcification following chemoreduction. Fourth, there is a possibility that some of the presumed recurrences were actually new tumors or superimposed seed recurrence and not true recurrence of the previously regressed macular tumor. 28 However, it should be realized that most new tumors tend to occur in the retinal periphery, outside the macular region. 28, 29 Finally, the visual function in these young patients, many of whom were infants, will only be realized at a later date. The singular purpose of this report was to assess tumor control.
In summary, management of macular retinoblastoma with chemoreduction alone provides control in 65% of tumors by 4-year follow-up whereas chemoreduction plus foveal-sparing thermotherapy provides 83% control by 4-year follow-up. The risks and benefits of these strategies should be considered for all children with macular retinoblastoma. This is particularly important for children who have reduced visual acuity in the opposite eye when preservation of vision in the treated eye is desired. The choice of therapy depends on many factors, and the goal of treatment should be tumor control while preserving as much useful vision as possible. 
